Aiming to increase the competitiveness, technology and security of vehicles produced and sold by the Brazilian Automotive Industry, in 2012 the Brazilian Federal Government established the "Inovar Auto" by executive law. Given the relevance and scope of the Inovar Auto Law, this paper aims to conduct a review of the preliminary results already obtained by different companies that joined the program. Therefore, through interviews with governmental agents, R & D managers, as well as R & D public and private centers representatives, we intend to analyze the quantity and quality of R&D projects developed by the Brazilian automotive industry, with or without an external partnership, analyzing how Inovar Auto Law has influenced this result. The interviews and data presented herein suggest that the program is very promising as regards the increase in number and in quality of the R&D activities developed by assemblers, systemists and ISTs connected to the automotive chain and particularly to the energy efficiency aspects highlighted in the program.
INTRODUCTION
Aiming to increase the competitiveness, technology and security of vehicles produced and sold by the Brazilian Automotive Industry, in 2012 the Brazilian Federal Government established the "Inovar Auto" by executive law. It is an industrial policy that provides tax reduction benefits to assemblers that meet or exceed certain goals.
Overall, the objectives involve (Ibusuki et al, 2014) : During this period, companies are encouraged to continuously improve the objectives expected to maintain tax reduction benefits over the period.
Theoretically, the program has been considered the most comprehensive andwell designed of all previous incentive initiatives established for the sector. Although companies may be considered to be still adjusting their policies in order to meet the program goals, it should be emphasized that by 2014, about 44 assemblers (which already have operations in Brazil and others that plan to do so) had already joined the program, aiming to make use of the benefits offered.
As in all industrial policies, the results are not necessarily those initially expected. Thus, given the relevance and scope of the Inovar Auto Law, this paper aims to conduct a review of the preliminary results already obtained by different companies that joined the program. Our focus is to analyze the quantity and quality of R&D projects developed by the Brazilian automotive industry, with or without an external partnership, analyzing how Inovar Auto Law has influenced this result. To what extent new investments were made as a result of the Inovar Auto Law or were already planned by companies even without this kind of stimulus.
2) What the nature of those investments is: what the focus of the projects is, investments planned, if engineers and technicians were hired to do so.
3)
To what extent Inovar Auto Law could impact the consolidation of R&D activities in Brazil or at least the establishment of a consistent strategy for firms.
4)
What role do the public and/or private Institutes of Science and Technology (IST) play in this context.
In order to answer those questions, we conducted a multiple-case study in automakers and suppliers, R&D centers and governmental agents that are somehow involved with Inovar Auto Law.
We conducted in-depth interviews with managers and/or other executives responsible for innovation projects.
In general, our objective is to contribute to the analysis of the effectiveness of industrial policies aiming to increase competitiveness and to consolidate production value chains in countries with features similar to those in Brazil, i.e. with large market, production facilities and expertise, but with few or non-existent R&D and facing fierce global competition. We also intend to provide a critical analysis of the program, as well as some recommendations on how to improve the program in its possible continuation after 2017.
The article is organized as follows. In section 2, the conceptual basis of the study is synthesized. Section 3 presents the research methodology, and section 4 presents the results of the interviews conducted. Finally, in sections 5 and 6, results are discussed and conclusions are presented, pointing out some study limitations and suggesting further research.
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CONCEPTUAL BASIS
R&D Profile for the Automotive Sector in Brazil and the Inovar Auto Law
The automotive industry has proven over the years to be an important source of economic and social development to several countries as it generates employment, income, capital investments and thus contributes to short and long-term growth.
However, this sector is even more crucial to developing countries such as Brazil inasmuch as their economies are not as diversified as the developed ones. The figures below support the latter statement: 23% of the Brazilian Industrial Gross Domestic Product (GDP) in 2013 relied only on the automotive industry. Additionally, it is accountable for generating 1.5 million jobs. Brazil is the 7th major producer and the 4 th largest market (ANFAVEA, 2015).
However, unlike other emerging countries, such as China and Korea, Brazil has no actual national automotive industry: all automakers that produce locally are subsidiaries from foreign multinationals, and most of the first tier suppliers are foreign companies. Despite its foreign origin, the industry was able to develop competencies in engineering and product development throughout its trajectory here started in the 1950s (Salerno et. al, 2009 ).
Currently, the country has qualified engineering centers, capable of designing a new vehicle from concept definition to product and process validation; but those competencies are still concentrated in the traditional automakers, also called "latecomer companies". And most of the innovation efforts are driven to adapting global models to local market conditions. (Castro et. al. 2014 , Souza e Mello, 2014 .
Latecomer companies in Brazil should not have difficulties in achieving the minimum percentage of investments in R&D -0.5%. The same cannot be said about newcomer companies, mostly Asian companies, which bring all the vehicle concept, project and process developed and only assemble it here (Ibusuki et.al, 2014) .The automotive industry still invests more in innovation than the average of thedomestic industry: The 2011 National Innovation Survey (PINTEC) showed that theBrazilian Transformation industry on average invested just 0.72% of their net revenuein R&D, while automakers invested 1.39% and autoparts producers, 1.17%. (Castro et.al.2014 , Souza e Mello, 2014 .
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As mentioned above, the automotive industry in Brazil experienced a steadily growthin production and sales over the last decade, but this growth was not proportional to the growth in R&D expenditure, as shown in Figure 1 .
2 Figure 1 -R&D/Net Sales from Automakers in Brazil. Source: Elaborated by the authors, with data from Souza and Mello (2014) The Inovar Auto Law initiative intends to deal exactly with this point: attract more R&D and Engineering investments to modernize products and raise local content and, consequently, to create more and sophisticated jobs and income at a macroeconomic level. This paper discusses the results and bottlenecks raised so far.
Effectiveness of Public Policies regarding Innovation
The very existence of public initiative concerning its role on competitiveness in general and in innovation in particular is currently very widely recognized. Differently from a couple of years ago, the discussion is now concentrated in what the characteristics and nature of relevant public action 2 R&D expenditures definition for Inovar Auto could be more restrictive that those in Pintec (Innovation Survey) .
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would be concerning incentives and subsidies to firms so as to improve -in the long termcompetitiveness and innovation. Lascoumes and Le Gales (2007) illuminate another point of view, stressing the symbolic and agenda orientation sides that public policies influence and conform to(sometimes unintentionally).
In the last 12 years, a myriad of public policies was proposed by the Federal Government, with different tools and oriented to different industries. In many cases, the initial goals were not pursued and the agenda of competitiveness and innovation results was far from be completely achieved. In the case of the Inovar Auto Law, it ispossible to point out at least two different characteristics:
1) The focus is on raising energy efficiency; hence, the innovation is oriented to this specific form of product innovation
2)
The type of other investments in R&D that may be considered to give access to subsidies is much more precise if compared to previous initiatives such as the so-called "Innovation For the first time in Brazil, this new agenda may enable the real consideration of partnerships among the automotive industry and academic laboratories, research institutes and even between assemblers and first tier companies. As we will describe later in this paper, this type of initiative was labeled Open Innovation by Chesbrough,(2003a) . This concept and its application to the automotive industry are discussed in some more detail in the next item.
Open Innovation in the Automotive Industry
"Open innovation implies that firms increasingly rely on external sources of innovation by emphasizing that ideas, resources and individuals flow in and out of organizations" (Chesbrough, 2006 Automotive industry -to foster collaboration among suppliers, research institutes and laboratories to work with engineering and product and process innovation at a higher intensity if compared with the current situation.
RESEARCH METHOD
To help answer the questions raised by this paper, the authors interviewed the following actors 
RESULTS
Inovar Auto Opportunities
Inovar Auto Law is an opportunity for companies to benefit from the government incentives. According to some interviewees, there was an anticipation of the 3-cylinder engines release based on the requirements of the Inovar Auto Law. The technology was totally adapted to the local conditions mentioned above. Overall, statistics do not clearly show these improvements in R&D spending, and it is still early to connect them as a direct result of the Inovar Auto Law. Also, it is still early to talk about sustainable results, because the law has been in force for only three years. In 2014, the MCTI (Ministry of Science, Technology and Innovation) report stated that all assemblers had their R&D spending approved as a result of the uncertainties of R&D classification.
Nevertheless, the trend is clear, assemblers have sought more partnerships with their suppliers and ISTs to adapt and to absorb the technologies used in developed countries.
"Lei do Bem"
Before the Inovar Auto Law, the automotive companies had already used the tax incentives for managing to adapt their products to meet the energy efficiency goal, and lastly for the facility to meet the R&D requirements in the short term by means of a network of partner ISTs.
Yet there are those that opt for labeling and engineering, once investments in R&D are not a part of their strategy in Brazil.
Newcoming assemblers, focused on attaining the minimum rate of investment in R&D, started to establish partnerships with ISTs to develop projects. This is a fast access path for conducting research for companies that do not count on installed structure in Brazil, but that intend to have one in the medium term. Only time will indicate the maturity, sustainability and the effective results of these relationships.
The latecomers' behavior, in turn, is not even. There are more aggressive companies, others that have done little so far in terms of taking more advantage from and of increasing the quantity and the quality of the R&D initiatives. The most aggressive company introduced the following initiatives:
· It formalized a specific structure to account for the program, for the initiatives and procedures bonded to it. There is a group of 15 people (and a specific manager) in the different operations of the company in Brazil, in charge of assessing each investment project and of verifying whether it can fit the Inovar Auto program.
· Formal procedures were established to record the engineering and R&D activities that may be considered for the effects of the program and, hence, facilitate and record these hours in the company accounting system. · Substantial investments in laboratories and in partnerships with Brazilian universities to develop engineering applications formerly subcontracted abroad or developed in other company offices. According to the interviewees, these investments were made very attractive in Brazil after the benefits provided by Inovar Auto.
Other assemblers attributed a formal role to managers for them to administer Inovar Auto, yet they were not provided with a specific structure as in the previous case. The formalization of structures directed to Inovar Auto may be considered a proxy of the attention and benefit expected to be obtained from the program.
The role of ISTs
The One of the assemblers interviewed reported that it opted for conducting the more technical developments internally, and externalized to institutions in its development network the understanding and market trends projects, expanding the knowledge of consumer habits, and other technical issues that need intense knowledge, but are not considered the company core (acoustics, development of new materials, among others). These projects are developed by the ISTs and the knowledge/technologies are absorbed and later transformed into products and systems.
Another role played by ISTs is rendering technological services. These services were rendered by the headquarters in their country of origin; however, to reach the investment rates in Brazil, the companies have intensified the quest for their nationalization.
In a recent past, an opinion prevailed in that academic research laboratories in Brazilian universities were too theoretical and would not be interested in or capable of establishing partnerships with companies. This opinion was not confirmed in any assembler or systemist interviewed, which demonstrates there are ISTs capable of materializing technological development projects stimulated by the program under analysis.
A point of intense discussion for assemblers in their negotiations with ISTs is the intellectual property issue. The sensitive point regards the payment of additional remuneration for a company's exclusive exploration in the market of the potential patent resulting from researches agreed upon with the ISTs.
The cases with greater complexity as regards intellectual property are those of R&D projects directed to productive processes. Some companies understand that, for having invested in the project development, for the result being for the company to use (and, therefore, not being a new product in the market that generates new resources), remuneration should not apply to the institution that provided the knowledge and generated a patent. Conversely, the ISTs expect an additional payment for the technology success. These negotiations may reach such an impasse that the project development is stalled.
Some partnership cases did not bear fruits because of this aspect; nevertheless, in other cases, difficulties were overcome after a certain amount of negotiation and of bridging divergences.
Flexibility and understanding the restrictions of the parties are essential to solving these issues.
Opportunities for improving Inovar Auto
For the long term, the main point is improving the regulation. This legislation managed to reduce the technological gap in different technological areas, providing conditions to develop unprecedented R&D activities, both in quantity and in quality, especially those approaching the needs of adapting engines to ethanol fuel, in the energy efficiency context.
Problems in understanding what can or cannot be considered R&D expenses still remain. These doubts were much greater in the beginning but have largely been reduced, with the aid of AEA (the Automotive Engineers Association, which provides technical support and training in the area) and of a private consultancy specializing in fiscal benefits. This support was repeatedly mentioned as fundamental to make Inovar Auto clearer and to better guide the companies actions. Structuring a group with representatives from the government, from AEA, from the consultancy and from the companies to follow up and to adjust may be considered a recommendation to make viable future actions with a magnitude similar to that of Inovar Auto.
The cycle considered in the first stage of Inovar Auto (2013-2017) has been considered too short. More ambitious and longer term projects eventually do not fit the span of time established for this stage which has no guarantee of continuity. It would be important for a new version of the legislation to incorporate this modification, with medium and long-term goals; signalizers would be important for directing the sector efforts.
Another point is how to improve the use of the FNDCT (National Fund for Science and Technology Development) for the automotive sector. Currently, the companies that opt for investing in R&D invest the resources directly in that fund. These resources could be reverted into researches for the sector, as occurred with the Petroleum & Gas sector, CT-Petro. Currently, the use of the FNDCT is known not to have a specific destination, but it may come to be used, for example, as from bid notices for developing certain technologies that allow increasing the energy efficiency provided by Inovar
Auto.
The smaller-sized autoparts manufacturers are out of the Inovar Auto program and could also be stimulated to contribute by means of invitations/incentives made by the assemblers, besides support from the government and from the institutions in the sector.
CONCLUSIONS
The results of the Inovar Auto are just beginning to be perceived and, therefore, there are no numerical results to support more definitive conclusions. The interviews and data presented herein suggest that the program is very promising as regards the increase in number and in quality of the R&D activities developed by assemblers, systemists and ISTs connected to the automotive chain and particularly to the energy efficiency aspects highlighted in the program.
In its first version (it is expected to be extended and improved in 2017), the program underwent an understanding and adjustment stage which lasted almost 2 years. Only late in 2014 did it actually start to have its actions developed by the companies interested in adhering.
In a recent event involving participants from 5 assemblers operating in Brazil, there was a consensus that Inovar Auto came to stay and that the competitiveness of the Brazilian automotive chain depends on this program and on its next versions.
A point deserving attention and that may largely affect what has been said up to the moment the interviews were made is that concerning the present economic crisis. It may stall investments in the next cycles, reducing the growth and investment pace for the new projects.
This is a recurrent trend in the Brazilian automotive industry; in periods of crisis, most of the investments yielding results in the medium and long terms undergo cuts or are even frozen, independently of the benefit forecast. There are signs that this has already been occurring in several cases in the organizations and ISTs interviewed. It will only be possible to observe and to comment on the materialization or not of this more pessimistic vision for the future of Inovar Auto and of innovation in the automotive chain in some months, when the effects of the economic crisis on the organizations' investments are more concretely perceived.
